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Diversity and slope distribution of bacteria and archaea in the
soil of Baiyin Copper Mine pit from Gansu Province

YING Gaofei, ZHANG Shuang, WANG Weidong, YAN Lei’

College of Life Science and Biotechnology, Heilongjiang Bayi Agricultural University, Daqing 163319,
Heilongjiang, China

Abstract: [Background] Gansu Baiyin Copper Mine is an important mining area in western
China. It is of great significance to explore the diversity and slope distribution of bacteria and
archaea in the area. [Objective] To analyze the community diversity of bacteria and archaea in
soil samples at different slopes of Baiyin Copper Mine pit and further the relationship between
the diversity and physico-chemical properties of soils. [Methods] Illumina HiSeq was employed
to elucidate the diversity of bacteria and archaea in soil samples at different slopes of the pit.
[Results] Alpha and beta diversity indices of ACE index, Chaol index, Shannon index, and
Simpson index showed significantly different among samples. The top ten classes of bacteria in
the pit included Gammaproteobacteria, Oxyphotobacteria, Alphaproteobacteria, Bacteroidia,
Actinobacteria, Clostridia, Nitrospira, Bacilli, Mollicutes, and Acidimicrobiia, among which
Gammaproteobacteria was most abundant. At the class level, the archaea of the pit were composed
of Thermoplasmata, Nitrososphaeria, Methanomicrobia, Halobacteria, Methanobacteria,
Group 1.lc, and Bathyarchaeia, and the abundance of Thermoplasmata was the highest.
Redundancy analysis (RDA) suggested that pH and available phosphorus were the major factors
affecting soil diversity. [Conclusion] Baiyin Copper Mine is a strong acid mine. The content of
copper ions was the highest in soil of Baiyin Copper Mine pit. The pit registered the pH trend of
first decreasing and then increasing (2.18—4.75), trends of copper ions (20—150 mg/kg) and total
iron (2.5—50 mg/kg) opposite to pH, low contents of ammonium nitrogen (3.61-44.90 mg/kg),
available phosphorus (0—56.79 mg/kg), and available potassium (9.07-35.65 mg/kg) with
fluctuation, and no obvious variation of sulfide (1 mg/kg) from the surface to the bottom. At the
genus level, Acidithiobacillus was most abundant among the bacteria, while the counterparts for
archaeca were uncultured bacterium_f Ferroplasmaceae and uncultured bacterium f
Nitrososphaeraceae. pH and available phosphorus were the main factors causing the variation
of bacterial and archaeal diversity, respectively. This study is expected to deepen the
understanding of changes in soil microbial communities in Baiyin Copper Mine.

Keywords: Baiyin Copper Mine pit; bioleaching microorganisms; diversity; environmental factors
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Figure 1
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Sampling area profile of Baiyin Copper Mine pit in Gansu Province.
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Table 1 Environmental factors in different samples from soil of Baiyin Copper Mine pit

Sample  pH Cu (mg/kg) Fe (mg/kg) S (mg/kg) N (mg/kg) P (mg/kg) K (mg/kg)
BY1 4.60+0.02 20.00+0.00 2.50+0.00 1.00+0.00 10.97+0.00 0.00£0.00 14.81+0.00
BY2 4.06+0.02 100.00+0.00 10.00+0.00 1.00+0.00 22.13+0.00 56.79+0.03 9.07+0.05

BY3 4.75+0.01 100.00+0.00 10.00+0.00 1.00+0.00 17.74+0.00 32.1542.13 14.96+0.38
BY4 2.18+0.01 150.00+0.00 50.00+0.00 1.00+0.00 44.90+0.42 0.00+0.00 35.65+0.00
BYS 2.21+0.01 150.00+0.00 50.00+0.00 1.00+0.00 25.63+0.00 41.64+2.29 25.36+1.59
BY6 3.24+0.00 20.00+£0.00 5.00+0.00 1.00+0.00 3.61£0.18 4.94+0.45 11.42+0.56
F2 BRETHINITEAEN o ZHEMELY

Table 2 Alpha diversity index of bacteria in Baiyin Copper Mine pit soil

Sample ACE Chaol Simpson Shannon Coverage

BY1 328.480 2 302.000 0 0.586 7 2.8302 0.999 8

BY2 391.3230 358.000 0 0.729 7 3.2494 0.999 8

BY3 358.648 1 319.000 0 0.863 9 4.229 0 0.999 8

BY4 437.967 7 391.500 0 0.894 1 5.712 0 0.999 5

BYS 320.939 6 370.333 3 0.9827 6.904 5 0.999 2

BY6 326.688 5 269.000 0 0.934 2 5.359 8 0.999 6
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Table 3 Alpha diversity index of archaea in Baiyin Copper Mine pit soil

Sample ACE Chaol Simpson Shannon Coverage

BY1 9.872 0 8.000 0 0.072 1 0.3124 0.999 8

BY2 12.456 3 11.500 0 0.443 5 1.357 6 0.993 6

BY3 13.222 2 11.500 0 0.3900 0.961 0 1.000 0

BY4 11.218 2 11.000 0 0.4100 1.358 6 0.996 0

BYS 11.090 9 10.333 3 0.499 7 1.567 1 0.994 8

BY6 13.000 0 13.000 0 0.379 4 1.2312 1.000 0
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Figure 2 Grade abundance curves. A: Bacteria. B: Archaea.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



41

K& HON FERRT T S B R T P 22 R S RE A R

]

‘[9AQ] SNUAT BOBYOIY (] ‘[OAS] SSB[O BOBYIIY 1)) [9AS] snudS eLIo)ORY g "[OAQ SSB[O BLIdjoRY 1Y "uonisodwoo Ayunwwo)) ¢ s

ANCEBN P QAN RS D AV BN G AV RN Y WEEES € B

avaopuisp]dodta,] § WNLIQORY PaIn}nou() m
2p2op.dapydsoso.iN J WNLI2YOEQ PAININOU( m
pjaSOUDYIFN |

puisvjdosa,] @

DINOUDOIPE] |

SPUOUIOUOIDN W

ovaoppuisp]doursoy ] § WNLIOJORY PAIN}nouN) m
42]0Dq142.1qOUDYIFN |

sIoY0 @

snj[ovqoIYIIPIOY B
p.10ydojo puv1odIN m
wnjjradsoidaT m
Sap10.42Jo0g W
$Sn22020pOYY W
A210DqOUDPPOYY W
WN1o0qoLYd0) |
puisp]doodpy m
wnipydip1oy @

oped [958y m
A2]0Dq0JUIY m
wnorydo.yiiia,] m
2p220NoDqLMNY § WNLIORQ PaIN}nou() m
spuoutanyfa2J m
§1JJ190q0IODT |

dnoi3 surrew ¢z-00S 1D B
SIYIO |

odweg
9AL SAL YAL €AL TAL [AL

ojdweg
9Ad SAL AL €AL TAL 1A49

0T

o

09

08

001

0T

0¥

09

08

001

(%) @ouepUNqR 2ANB[IY

(9%) @ouepUNqE 2ANB[IY

odweg
9ALd SAL AL CAA TAL TAd

vipuisvjdouriay | m
pLIDYASOSOHIN B i
DIQODIUOUDYIZIN |
D1LI2IODGOIVE m
D112]ODqOUPYIO) | .
o1'] dnoin m
vlavyowAyIvg @

o1dwreg

9Ad SAd ¥AL €AD TAd 1Ad
D1.12)oDqO2104dPUWDL) |

DLI2]OPqOJOYdAX) m
DL121oPqO2j04dDYd]y B
pip10.421ovg |
DLI2]ODGOUNOY |
pIpLSO]) m
pAIdSOIN m

ypovg m

SoMOIION |

pHqOIIUIPIOY @

SIYO m

0¢C

0y

09

08

001

0T

0¥

09

08

001

(o) 2ouepUNQE 2A1R[Y

(%) @ourpuUNqR 2ANEB[Y

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



42 (DGX7ES ik

Microbiol. China

WK Aih, 6 & HE S AT
Thermoplasmata . Nitrososphaeria . Methanomicrobia .
Halobacteria . Methanobacteria, Group 1.1c
Bathyarchaeia. £ 6 AbFESH, BY1., BY3 #l
BY6 T3 HE Thermoplasmata F, 5 45351
N 98.9%. 99.7%F1 93.4%. 1B K43,
it B0 5T SRR G R R T
1% 1 )& . BY1 1 BY6 & & m g h
uncultured bacterium f Ferroplasmaceae, FH:F
B R 96.3%1 77.7%. BY2 H & mam M
J& N Methanosaeta, JFFER 72.9%. BY3 H
S W IE N Ferroplasma, FeF &N 74.5%,
BY4 F1 BYS5 i fiw i )& M uncultured
bacterium_f Nitrososphaeraceae, JL:=F 435 h
76.4%F1 70.1%
223 TEMHREERMGE B ZHEESHT

L AT SRR S OTU 41 Ji AT LA R it
FE &b 0 22 5 MR B8, 3 Ak FR 4 A (principal
co-ordinates analysis, PCoA)NI|J& P~ i i 2
T R 3K S i B 2L BOBR AR AL o X R A
B8 B0 - AN 1T PeoA AT, PCoA 25—l
R 25.62%, o EhREEEDY 23.02%.
BY1 #1 BY2 Z[aJHiE i, #W BY1 fl BY2
M 4L, BY4 A1 BYS B HAdRE &
It , W BY4 M BYS 5 HAMAN AR 5 2 6]
225 R (BT 4A) o X V™ bt 135 vh 6 &b
AL ETT PCoA 3, PCoA 2 —Hlifif ke
N 46.19%, B HHEEECY 23.09%. BY2
S AR Z AR RO, R BY2 AYREM,
HAWEZES; BY1 Ml BY3 KT, R
BY1 M BY3 FEMLMAHEL; BY4. BYS Al
BY6 ZIAIPH AT, ] =38 Z 18] 4 A A
(% 4B).

FAH OTU 4r25/K¥, KA binary-jaccard
S B SR AR A D 6 AN

PEATFE dh T B AE 0B, B BYT A BY2
ZIRZE SN, 1 BY3 Al BY4 Z [ 2 R0R K
(K 4C), Z5RFRY R0 5 I L A0 AL A
BY1 I BY2 4L BUARML, BY4 5 ARG 25 5
Fo I FARSRE BT TR AR b 1] R A A
SFTEBL, BYL Ml BY3 ZH 22746/, BY2
M BY6 Z ] 22 57 fx K (K] 4D), 452K R 4
Wb ARG BYT A1 BY3 4L AL
224 HHMREENEES MR LSS
RPN

LB H ™ 5™ BT 1 3 40 R R 5 PR D 1Y
RDA Fr#HraniE 5A Pim. 7E% —Z Wb,
Bacteroides . Acidiphilium F Acidithiobacillus
5 pH RIEMG, ST AR 5k
A 2. B Z W h, Nicotiana_
otophora 541 B . HUSCH MRS A R IEAM
x, SRR pH MK . Mycoplasma F
Rhodococcus SHNEF . BAR . MR AIHEL
PEIEASG, 5 pH BRI, H=RRp,
Planktothrix NIVA-CYA 15 . hgcl clade HI
CL500-29 marine_group S4i & 1. #AXA .
HALBE AU S IEAHDE, 5 pH BHAHK.
VUG IR, Leptospirillum . Rhodanobacter .
Ferritrophicum 1 Defluviimonas 5 pH F1iE 5
IR, ST RN 5 A
Ko MR T AL B BRC , HR2 m A J3E k
R, SRR pH B2 A i ) 2R R

FAR AR 8 5T S S T
RDA Zr#raniE 5B P, H— %R,
Ferroplasma 5 pH. &5 Fl# 2400 2 1B AH
K, SEEAMBERERMEL. H_RR P,
Methanobrevibacter Fll Methanosaeta ‘5 ¥ 35 A |
PR . BB TR pH SIEARDC, 5B UM
*o BB, Haloarcula 1 Natronomonas
RS AR B, SEME . e T

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



Hewm WAE: HON AR I R N T ) 2 R AR 3 A AR 43

A PCoA-PC1 vs PC2
2
8
S 02t
N
el e
Q L]
£
< |
Qq 1
L R seanos
ks * BYI .
2 * BY2
2 -02 * BY3
S * BY4
a * BY5
N
g 04 . gl
~0.4 -0.2 0.0 0.2

PC1-percent variation explained 25.62%

Treat
Treat |06 BY1

(@]

BY3
B4 0.4 BBY4
BYS5
Bys 0.2 MBY6

0.0
BY6

BY3

BY1

BY2

= ) o) n — N
L A e
[as] M M aa] M o]

4 PCoA HHr#n+E Gh 8] BB 58 &
IR D b BERE S R A

B PCoA-PC1 vs PC2
s 02f | =Byl :
°o\_ e BY2
& ‘ *BY3
g oo, : * BY4
1S | e BYS
o
s * BY6
g 00
S
8
>
g —0.1
5)
& L]
I o
&)
& —02t . :
-0.2 0.0 0.2
PC1-percent variation explained 46.19%
D
Treat
0.7
i B BT
S5
wvo |03 BBV
% BYS
BY1 | o] WBY6
l 0.0

BY3

BY5

BY2

BY4

Vo) —
> =
m m

A: ZHTE PCoA 43#7. B: 15 1# PCoA 430#7. C: AHTEFE S, A FE B

o
>
m

BYS

o
>
aa)

BY4

Figure 4 PCoA analysis and heatmap. A: PCoA analysis of bacteria. B: PCoA analysis of archaea. C:
Heatmap between bacteria. D: Heatmap between archaca.

A pH A . 70 2 WA Wi 52 i vy T
A EEN R,

3 W54 #®

I R o 5 A R R v S A A
2, LAY S A K R Rl A ) SRS
AR A PR, S BOAS [ 35 32 ) 1 9 v A T R oy

TR REE R B R A B AR AR el e g
I %of - 3 R bR 0t FLAS E g P2,
AN TR EE BRI K L TLRE A Y I 2 R - S o
wn pH, WM LIRS R . HEAE
MR R &, X T A e =
AEAR AT R0 22 eh AR T A A
PIREHE, FE4E R LM . Ry +

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



44 (DGX7ES ik

Microbiol. China

A 1.0 Nicotiana_otophora
Mycoplasma
@ N Bacteroides
=) . 7. .
N3 Acidiphilium
U Rhodococcus
o~
=t K Acidithiobacillus
.(2’ Cu -
%
<
pH
Planktothrix NIVACYA 15 Leptospirillum
Rhodanobacier
hgel” clade Ferritrophicum
0.6 CL50029_marine_group Defluviimonas
1.0 1.0

Axisl (73.2%)

Bl 5 RDA S A: 4. B:
Figure 5 RDA analysis. A: Bacteria. B: Archaea.

SRR 4 R i 27 O T LA G (B g
A P RE T A8 At 5 3 AR o FD - B R
BATARSERT 448 pH ) 12 UE B RES £ /K
JRUE R R i - R A R I PO AR
SR PR A bt A, ad oo H AR
SRR, VR Ry S B R L, AN
Wi A2 AR B NI TE YR, pH
R A5 S RRAUS T i, B AR R
BEH SRR ST s n R A a3, B
R TS AN AE 2 B sh AR Ak, miAk
Yo R a s, o 2RSS, BE
Y TR G, 4 5 B0 S T i O 8 AR Y
B, b TE 2 IS T PR T AR
B, RUIBEESETRA, TIRAwE AL EA
BeRE AT . T IEAE RIS R, AT
FESAEXT E R =W JE N Acidithiobacillus, 1 T FE
fin A T2 BB S ) JE 4 uncultured bacterium
f Ferroplasmaceae #1 uncultured bacterium f_
Nitrososphaeraceae, RDA 43#¥rigH, pH 2&F
SRR A R 2R, A T R Y
PIER . 2 PR PR A R 1 PR B v ol T Y

0.8

Methanobrevibacter
] D

Methanosaeta pH Ferroplasma

N<N\

Axis2 (37.15%)

Haloarcula !
Natronomonas

0.6

0.8 1.0
Axisl (59.69%)

V% A BCRES F AR R B, T HL Thermoplasmata
Xof 12 P A5 3 IO PR R 5

B A YRR AT TR IR . &8 &
Ko R ER W PR B v, P S i i A b
Ky, HEn, BEMAY EEARE .
YHTA A EL P, AR IR R 0k AN R, AT L
53 R (25-42 C) P EERE IR (45-60 C).
WE PR (6080 C)FIAK FEmE B (R T 80 C); R
e AR E IR AT LAY Ny A R E A IR B, o
B 35 7 AT DLy gk TR AR A T 5 AR A
[F A= A AV A ST A3 A W2 A T e g B 1, o
FEREIRTR FE A Acidithiobacillus | Sulfobacillus
M THE B Ferroplasma®, P4 B9 RETS
YRSy Mr, BY1, BY2., BY3 il BY6 F %4y
HTE Acidithiobacillus P, XL W AV
FETES 30 I A AR A= i, AT AR S AE + 358
HhH B ALK R o Acidithiobacillus 38 V]
RRPERRE, IR BAT E AL AL W FIIE 4 R
REST, I R s R R Y, M pHL{H
EIIE Acidithiobacillus 5538 N TR YEIREE . W
o LI ER Y], R EE SR

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



s K& HN AR 5T L SR AT o T A 22 R S 20 AT AL 45

# Bacillus. Alcaligenes F Lysinibacillus, Yj
PRS0 18 4 A o B 22 500 37 A
R AT, — AL T8 &8k B &
WM R, KRZ K Metallosphaera .
Sulfolobus . Sulfurococcus 1 Acidianus">, SR
PR 5T L n oAb, R R
J& & uncultured bacterium_f Ferroplasmaceae
F1 uncultured bacterium_f Nitrososphaeraceae,
Methanosaeta Fl Ferroplasma WA —E & & .
Py AU T S A IR SR IR A
fiE, BB HUKFIR W Leptospirillum AR
A, MmEK S MA Y Hydrogenophaga
DICFTE s o W L SBT3
ST B A W, AR T L A e 32
% pH VR, A RS AW . B
SR B R 4 A 5 Y S R R
ZHHTIE KB, Ag. Zn. As. Pb. Ni,
Cr S W L3P U E Y Z R RN R X
VU BB FE AT 1 SJ 200 18T 22 FF 1 R AT )
SR, 2R R AR B Rt B DR B Y
ST N, PR T A LR . pHL B
WA Cr J25 R AN B AR AU 2 PR 31 P,
[RI At , 6T 11 P 3 i PR S T 2 R B A
[Fi) B 4 A BIR L e B B ) BIF SR R B, Bl B AF
BRI, WA Z T, T H. pH FLEBR R 2
WEEE, Cu el ZrErEmn 8RR,
25 bRk, ASCUAH R B RO bt 14
WFFER G, A AR ST T L v AR R TR
B9 AR AL, RIS AS [R]85 3 Xof - 8 r 240 e
AR, A3 LR 4518 (1) FERERT i iR
YRS, R 2 L BR Bl SR AT T 2 470
LISETHE R R B, TSR &
SR I A3 A 5 LS 8 ol T 21 e 52 3
Besh ek, B & R B2 AR A
(2) ZRAETIRH, WITTRIUIR, 2018 24

MREIETH SRR B, TSR
Je Tt BB T F AR R, T g e
FEAh BY4 5 B im, BYS /M s; HiE
RS BY6 £ F iR, BYS MR . A
BB 5T AN R AL S BY 1 A1 BY2 AR,
BY4 HH MRS 2257 B, W EEEM BY1D Al
BY3 WAL . PRS0 bt - S 0 F i
B R Acidithiobacillus, T 1 32 5 8 5 1Y &

J& uncultured bacterium_f Ferroplasmaceae

uncultured bacterium f Nitrososphaeraceae. (3) [l
BRI A b S A TR R TR 2 AR S AR A
AR, AHTFE G 2 pH K3, HZE
FEPEREE pH BRI ;@5 o AR i 52 sl R
UKy, HZFEvEAR A0S g b o Y o
[F), it 5 35 B H T 280 S 42 B0 v P AR P v
FEREAR ) 3

REFERENCES

(17 #HL W R T s — ™ B4 S e =
MDY BB MR S 22 e 5L, 2018,
DONG K. Petrogenic, metallogenetic environment and
its exploration significance in baiyinchang copper

Wuhan:
Dissertation of China University of Geosciences, 2018
(in Chinese).

(2] 3b. FUERTTHR AT OR SRR AR (] P AR 4,
2010, 9(35): 21-23.
JIANG K. The
baiyinchang copper deposit[J]. Science and Technology
of West China, 2010, 9(35): 21-23 (in Chinese).

[3] ARVLEG, EFJE, KA, EZ. AR R 8 sk
W RCE R T RO ] R a asE,
2017(7): 226-228.

YU JH, WANG JL, ZHANG X, WANG J. Research on
normal temperature bacteria heap leaching of Baiyin

deposit, Gansu Province[D]. Doctoral

geological  characteristics  of

copper sulfide dump[J]. World Nonferrous Metals,
2017(7): 226-228 (in Chinese).

[4] HEN. EERGRT XMW Z LS Hr(D]. 7Y
o QLR SFUPHI R L2 B 3L, 2016.
LI MJ. Microbial diversity in mine environment with
metal pollution[D]. Xi’an: Master’s Thesis of Xi’an
University of Architecture and Technology, 2016 (in

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



46 WA

FiE Rk

Microbiol. China

Chinese).

[5] SIBANDA T, SELVARAJAN R, MSAGATI T,
VENKATACHALAM S, MEDDOWS-TAYLOR S.
Defunct gold mine tailings are natural reservoir for
unique bacterial communities revealed by
high-throughput sequencing analysis[J]. Science of the
Total Environment, 2019, 650(Pt 2): 2199-2209.

[6] 75, Whih, ZEats, Ho0M, Semear. =98 XA

B A AR b S8 Bl A e P R AR SR S ).
F2EAR, 2015, 24(5): 34-43.
LU H, YAO T, LI JH, MA WB, CHAI XH. Vegetation
and soil microorganism characteristics of degraded
grasslands[J]. Acta Prataculturae Sinica, 2015, 24(5):
34-43 (in Chinese).

[71 FUKE P, THANGARAJU MM, KUMAR M,
SAWARKAR AD, PANDEY A, SINGH L. Role of
microbial diversity to influence the growth and
environmental remediation capacity of bamboo: a
review[J]. Industrial Crops and Products, 2021, 167:
113567.

[8] DONG L, LI JJ, SUN J, YANG C. Soil degradation
influences soil bacterial and fungal community
diversity in overgrazed alpine meadows of the
Qinghai-Tibet Plateau[J]. Scientific Reports, 2021, 11:
11538.

[9] ZHENG Q, HU YT, ZHANG SS, Noll L, Bockle T,
Dietrich M, Herbold CW, Eichorst SA, Woebken D,
Richter A, WANEK W. Soil multifunctionality is
affected by the soil environment and by microbial
community composition and diversity[J]. Soil Biology
& Biochemistry, 2019, 136: 107521.

[I0]BADANO EI, CAVIERES LA, MOLINA-
MONTENEGRO MA, QUITOZ CL. Slope aspect
influences plant association patterns in the
Mediterranean matorral of central Chile[J]. Journal of
Arid Environments, 2005, 62(1): 93-108.

(1] 208, 25, Hikis, 2R, RaeK, EAR.
TSt HE XS R SRR TR L o T 2 AR AR T A
OS2I [T]. A5 2441, 2015, 26(6): 1807-1813.
YUAN HZ, WU H, GE TD, LI KL, WU JS, WANG JR.
Effects of long-term fertilization on bacterial and
archaeal diversity and community structure within
subtropical red paddy soils[J]. Chinese Journal of
Applied Ecology, 2015, 26(6): 1807-1813 (in Chinese).

[12] ZHAO HW, LI QL, JIN XT, LI D, ZHU ZQ, LI QX.
Chiral enantiomers of the plant growth regulator
paclobutrazol selectively affect community structure

and diversity of soil microorganisms[J]. Science of the

Total Environment, 2021, 797: 148942.

[13] SICZEK A, FRAC M, GRYTA A. Forecrop effects on
abundance and diversity of soil microorganisms during
the growth of the subsequent crop[J]. Agronomy, 2020,
10(12): 1971.

[14] 35, WGARR. S04 I RRIED 1L K BUE PR
TR ZAEIELD]. BRI AR, 2020, 47(9): 2887-2896.
PENG YP, ZENG WM. Diversity of microbial
community in acid mine drainage from Zijinshan
copper mine[J]. Microbiology China, 2020, 47(9):
2887-2896 (in Chinese).

[15] SAIJAD W, ZHENG GD, MA XX, RAFIQ M, IRFAN
M, XU W, ALI B. Culture-dependent hunt and
characterization of iron-oxidizing bacteria in Baiyin
Copper Mine, China, and their application in metals
extraction[J]. Journal of Basic Microbiology, 2019,
59(3): 323-336.

[16] L1JY, CHEN QF, LI Q, ZHAO CS, FENG Y. Influence
of plants and environmental variables on the diversity
of soil microbial communities in the Yellow River
Delta Wetland, China[J]. Chemosphere, 2021, 274:
129967.

[17] YANG KN, LUO SW, HU LG, CHEN BB, XIE Z, MA
BB, MA WB, DU GZ, MA XJ, LE ROUX X.
Responses of soil ammonia-oxidizing bacteria and
archaea diversity to N, P and NP fertilization:
relationships with soil. environmental variables and
plant community diversity[J]. Soil Biology and
Biochemistry, 2020, 145: 107795.

(I8 VFEE, P4, VPR, RLL. =W X R L34 pH K

WE 5 A IR[T]. KILH3E, 2011(24): 50-51.
XU Y, LUO F, XU RY, REN H. Research on
determination methods for pH value of agricultural soil
in Sanya district[J]. Journal of Changjiang Vegetables,
2011(24): 50-51 (in Chinese).

(197 T RGHH. VG HR 5 X 58 76 E 4 1 Sl A= Wy e v 45 1

MEZFEPE P FiHE B EAGE, 2021, 51(5):
28-34, 42.
DING CX. Analysis on soil microbial community and
diversity of alfalfa cultivation area in western arid
area[J]. Chinese Qinghai Journal of Animal and
Veterinary Sciences, 2021, 51(5): 28-34, 42 (in
Chinese).

[20] #7#. TLREE Tth  LLRE LA R K A it A 20 T 22
LIS RSN TR R [D]. KRR BRI/ —K
BRZAA 122 (1183, 2020.

YANG L. Diversity of sulfur-oxidizing bacteria and

their relationship to environmental factors in volcanoes

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



s K& HN AR 5T L SR AT o T A 22 R S 20 AT AL 47

and waterbodies of Wudalianchi volcanic group[D].

Thesis
Agricultural University, 2020 (in Chinese).

[21] FENG HL, GUO JH, WANG WF, SONG XZ, YU SQ.
Soil depth determines the composition and diversity of

Daqing: Master’s of Heilongjiang Bayi

bacterial and archaeal communities in a poplar
plantation[J]. Forests, 2019, 10(7): 550.

[22] CHU HY, XIANG XJ, YANG J, ADAMS JM, ZHANG
KP, LI YT, SHI Y. Effects of slope aspects on soil
bacterial and arbuscular fungal communities in a boreal
forest in China[J]. Pedosphere, 2016, 26(2): 226-234.

[23]RILLIG MC, MUMMEY DL. Mycorrhizas and soil
structure[J]. New Phytologist, 2006, 171(1): 41-53.

[24] van der HEIJDEN MGA, BARDGETT RD, van
STRAALEN NM. The unseen majority: soil microbes
as drivers of plant diversity and productivity in
terrestrial ecosystems[J]. Ecology Letters, 2008, 11(3):
296-310.

[25] EILERS KG, DEBENPORT S, ANDERSON S,
FIERER N. Digging deeper to find unique microbial
communities: the strong effect of depth on the structure
of bacterial and archaeal communities in soil[J]. Soil
Biology and Biochemistry, 2012, 50: 58-65.

[26] SHEN CC, XIONG JB, ZHANG HY, FENG YZ, LIN
XG, LI XY, LIANG WIJ, CHU HY. Soil pH drives the
spatial distribution of bacterial communities along
elevation on Changbai Mountain[J]. Soil Biology and
Biochemistry, 2013, 57: 204-211.

[27]1FIERER N, JACKSON RB. The diversity and
biogeography of soil bacterial communities[J].
Proceedings of the National Academy of Sciences of
the United States of America, 2006, 103(3): 626-631.

[28] BAKER KL, LANGENHEDER S, NICOL GW,
RICKETTS D, KILLHAM K, CAMPBELL CD,
PROSSER JL.

characterisation of bacterial community composition in

Environmental and spatial
soil to inform sampling strategies[J]. Soil Biology and
Biochemistry, 2009, 41(11): 2292-2298.

29] XUAESR, XM, tRF, A SUW, OB, AP
00 W R VR S5 R ST IR (0], M AT 2R, 2021,
45(10): 1258-1268.
LIU JC, LIU JH, XU LL, ZHOU YP, WEN XX. Recent
research advances on microbial community structure in
bioleaching[J]. Chinese Journal of Rare Metals, 2021,
45(10): 1258-1268 (in Chinese).

[30] fT B4R, BET pH R AR B TUE P REVR 2540 S Fh it

HEMFED]. Kb PRERA A8, 2014,
SHI LJ. The structure and dynamics of microbial
community during bioleaching under pH stimulation[D].
Changsha: Master’s Thesis of Central South University,
2014 (in Chinese).

[B1]FBLLIL. BRALw AR iR had R i) A AL LB S A2 ) 2
FEYEBEFE[D]. B ARAER A L2783, 2015.
ZHENG HA. Study on the bioleaching mechanism and
biodiversity of sulfide ore[D]. Shanghai: Doctoral
Dissertation of Donghua University, 2015 (in Chinese).

[B2] XI¥F, 2R, k. VEMRIEMED MAEY[I]. &
DRI 20 2% 55 AR %, 2018, 37(12): 5355-5359.

LIU S, LT1JC, YANG YR. Acidophilic and thermophilic
leaching microorganisms[J]. Genomics and Applied
Biology, 2018, 37(12): 5355-5359 (in Chinese).

[33] SRIAPORN C, CAMPBELL KA, van KRANENDONK
MJ, HANDLEY KM. Genomic adaptations enabling
Acidithiobacillus distribution across wide-ranging hot
spring temperatures and pHs[J]. Microbiome, 2021,
9(1): 135.

[34] DOMINGUES VS, de SOUZA MONTEIRO A, JULIO
ADL, QUEIROZ ALL, dos SANTOS VL. Diversity of
metal-resistant and tensoactive-producing culturable
heterotrophic bacteria isolated from a copper mine in
Brazilian Amazonia[J]. Scientific Reports, 2020, 10:
6171.

[35] M=, JEREE, W2k, ARICHE, XUBE, ~F4, #0

V. MEME R SR TS g LI A 2
FEVERYZMA ], AP0 id A, 2012, 39(5): 624-637,
14.
XIE XH, FAN FX, YUAN XW, ZHU WX, LIU N,
PING J, LIU JS. Impact on microbial diversity of heavy
metal pollution in soils near Dexing copper mine
tailings[J]. Microbiology China, 2012, 39(5): 624-637,
14 (in Chinese).

[36] WU BH, LUO HY, WANG XT, LIU HK, PENG H,
SHENG MP, XU F, XU H. Effects of environmental
factors on soil bacterial community structure and
diversity in different contaminated districts of
southwest China mine tailings[J]. Science of the Total
Environment, 2022, 802: 149899.

[371JIA T, WANG R, CHAI B. Effects of heavy metal
pollution on soil physicochemical properties and
microbial diversity over different reclamation years in a
copper tailings dam[J]. Journal of Soil and Water
Conservation, 2019, 74(5): 439-448.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



